We examined the clinical response of fludarabine-refractory CLL patients treated with high-dose methylprednisolone (HDMP) and rituximab. Fourteen patients were treated with three cycles of rituximab (375 mg/m 2 weekly for 4 weeks) in combination with HDMP (1 gm/m 2 daily for 5 days). All patients were refractory to fludarabine and 86% had high-risk disease by the modified Rai classification. In all, 79% of the patients had CLL cells that expressed ZAP-70 and three patients had poor prognostic cytogenetics. The overall response rate was 93% and the complete remission rate was 36%. The median time-toprogression was 15 months and the median time-to-next treatment was 22 months. Median survival has not been reached after a median follow up of 40 months. Four patients have died of progressive disease. Patients tolerated the treatment well and serious adverse events were rare. This allowed patients to receive all planned treatments on schedule with no dose modifications. All but one patient responded to treatment and the overall survival and time-to-progression were superior to those of other published salvage regimens.
Introduction
Despite recent progress using chemoimmunotherapy combinations for the treatment of patients with chronic lymphocytic leukemia (CLL), an effective cure for this disease has not been identified.
Combination regimens such as those using fludarabine and rituximab (FR), FR plus cyclophosphamide (FCR) or fludarabine, cyclophosphamide and mitoxantrone (FCM) can achieve overall and complete response rates that are higher than those observed with single-agent therapy. However, the risk of adverse events can be high, particularly in patients with compromised marrow function. Moreover, many patients cannot tolerate treatment, requiring dosage reduction or delay in therapy primarily because of myelosuppression. [1] [2] [3] Alemtuzumab (Campath-1H), a monoclonal antibody that binds CD52, is the only drug approved by the US Food and Drug Administration for the treatment of patients with CLL refractory or intolerant to fludarabine. The overall response rate to alemtuzumab is approximately 33%. 4, 5 Nevertheless, the majority of these responses are partial and complete responses are infrequent, particularly in patients with bulky lymphadenopathy, splenomegaly, or extensive tumor burden. Adverse events caused by infections and lack of activity in bulky disease often precludes continued use of alemtuzumab. 6 Rituximab is a genetically engineered chimeric murine/ human monoclonal antibody directed against the CD20 antigen and it is approved by the FDA for treatment of patients with low-grade or follicular CD20-positive, B-cell non-Hodgkin's lymphoma; diffuse large B-cell CD20-positive non-Hodgkin's lymphoma and rheumatoid arthritis in combination with methotrexate. Rituximab has activity in CLL, particularly at higher doses than those commonly used for treatment of follicular lymphoma. 7, 8 In addition, high dose methylprednisolone (HDMP) also has anti-leukemia activity. 9 However, use of either agent alone typically yields partial remission rates of less than 40%, and complete remissions are rare.
We observed that rituximab may have synergistic activity with glucocorticoids inducing apoptosis of leukemia cells cultured with 'nurse-like cells', which can protect CLL cells from spontaneous or drug-induced apoptosis in vitro and presumably in vivo. 10, 11 Because of this we evaluated the activity of HDMPRituximab in patients with fludarabine-refractory disease.
Patients and methods

Patient group
Fourteen patients with CLL were enrolled and treated on this protocol. All patients provided informed consent according to our institutional guidelines. Patients were required to have an indication for treatment based on the National Cancer Institute Working Group Guidelines (NCIWG-96). 12 Also, all patients were required to be refractory to fludarabine defined as, patients who had received at least one earlier treatment containing fludarabine and failed to achieve either a partial or a complete remission (PR or CR) after at least two cycles, had disease progression during treatment or showed disease progression within 6 months of treatment or presented intolerance to fludarabine-based treatment. 12 Patients were required to have an ECOG performance status of p2 and normal renal and hepatic function. We excluded patients who had prior intolerance to glucocorticoids or prior history of gastrointestinal bleeding. Pretreatment evaluation consisted of medical history and physical examination; laboratory studies including complete blood count, serum electrolytes, renal and hepatic function tests, and serum b 2-microglobulin (b2M). In addition, cells were evaluated for Inmunoglobulin heavy chain mutational status, ZAP-70 and CD38 expression by flow cytometry, using methods that have been described earlier. 13 The patients were pre-medicated before HDMP with intravenous cimetidine at 300 mg, oral acetaminophen 650 mg, and oral diphenhydramine 50 mg before receiving rituximab. In addition, all patients received prophylaxis for Pneumocystis carinii pneumonia with trimethoprim-sulfamethoxazole or equivalent, prophylaxis for herpes virus with acyclovir 400 mg b.i.d. daily, and antifungal prophylaxis with fluconazole 100 mg daily. These prophylactic medications were used throughout the treatment period until 2 months after the completion of therapy. A physician evaluated the patients promptly if they had fever or progressive symptoms.
Cycles of treatment were administered every 4 weeks as permitted. Laboratory evaluations performed on the patients during therapy included CBC with differential, platelets, complete chemistry panel with uric acid and lactate dehydrogenase (LDH), performed on days 1-5 of each cycle and on days of rituximab infusions (8, 15 and 22) . Patients with fasting blood glucose of X200 mg/dl on the days of treatment with HDMP received treatment with regular insulin following a sliding scale. We treated patients with persistent hyperglycemia above 400 mg/dl with oral hypoglycemic agents and/or insulin as required. There were no dose adjustments for rituximab or HDMP. Patients underwent a full physical examination with particular emphasis on the assessment of the sizes of lymph nodes (bidimentional), spleen and liver at the beginning of each course of treatment, at two months after completion of the last course of treatment. All patients underwent a marrow biopsy 2 months after completing treatment to assess for residual disease.
Non-hematologic toxicity was graded accordingly with the National Cancer Institutes Common Toxicity Criteria (http:// ctep.cancer.gov/reporting/ctc.html). Hematological toxicity was graded according to the NCIWG-96. 12 
Response criteria
Patients were evaluated for response using the NCIWG-96 criteria. 12 
Statistical considerations
The primary goal of this study was to evaluate the safety and efficacy of the combination treatment of rituximab and HDMP in patients with CLL who were refractory to fludarabine and had relapse with indications of treatment by the NCIWG-96 guidelines. 12 A total of 14 evaluable patients were accrued using a two-stage Simon design. 17 The following statistical model was used for the sample calculation: An average overall response (CR þ PR) rate of 45% for either agent alone (P0 ¼ 0.5), 7-9,15 a desired response rate with combined treatment of 80% (P1 ¼ 0.8), an a ¼ 0.05 and b ¼ 0.2 (power ¼ 80%).
Clinical and laboratory end points were obtained to evaluate safety and efficacy following the NCIWG-96 guidelines for response assessment of patients with CLL. 12 Demographics and baseline characteristics, time-to-response, response duration, time-to-progression, time-to-next treatment, and overall survival, were recorded and evaluated. Descriptive statistics (mean±s.d.) were used to analyze change in lymphocyte count, lymph node size (using the sum lymph-node area from the largest lymph nodes), spleen size, hemoglobin, and platelet counts.
The distribution of time-to-progression and survival were estimated by the Kaplan-Meier method 18 The Kaplan-Meier curves for the categorical variables were plotted for disease-free and overall survival. The P-values for testing the differences between subgroups were calculated by the log-rank test. 19 Time intervals were measured from the first day of treatment until progression, relapse, time-to-next treatment, or death. Deaths from all causes were included.
Patients were followed until progression, death, or need to treatment. The analysis was performed on an intention-to-treat basis.
Results
Patient demographics and characteristics
Among the enrolled patients there were three females and 11 males, 85% of patients were high risk and the mean age was 59 years. All patients met inclusion criteria for having CLL that was refractory to fludarabine-base therapy 12 (Table 1 ). In addition, 21% had previously received rituximab therapy, either alone or in combination with other antineoplasics. The median number of earlier treatments was two (one to four). Eight patients (57%) had CLL cells that expressed unmutated Ig variable region of the heavy chain (IgVH), 11 patients (78%) had CLL cells that expressed ZAP-70 by flow cytometry, and nine patients (64%) had leukemia cells with high-level of CD38 expression (430%). We performed metaphase karyotype and FISH analysis 15, 16 on the marrow aspirate of most patients and found chromosomal aberrations associated with high-risk disease in three patients, including 11q deletion in two patients and one with 17p deletion.
Response to treatment
All patients, except one, responded to treatment (overall response rate 93%). The non-responding patient developed progressive disease 6 months after completion of this treatment and had a clinical suspicion of Richter's transformation that was not confirmed with biopsy. Five patients achieved a CR (36%), six patients a PR (43%), and two patients had a nodular partial remission (nPR) (14%).
We observed a statistically significant decrease in white blood cell counts, increases in hemoglobin and platelet counts, and a dramatic reduction in lymphadenopathy and splenomegaly (Figure 1 ).
Disease progression and survival
The current median follow-up time for all patients is 40 months (range, 4-65 months), and for surviving patients is 45 months (range, 28-65 months). The Kaplan-Meier estimates of time-toprogression, time-to-next treatment and overall survival for all patients are shown in Figure 2 . The median time-to-progression was 15 months (range, 3.2-23 months). Moreover, the median time-to-progression for patients achieving CR, PR, or PD was 23.4, 12.5, and 3.23 months, respectively. Two patients are still in complete remission with a median follow up of 48 months (CLL-2, CLL-4).
The median duration of response to treatment measured by the time that took to next treatment was 22 months (49, 12.5, and 3.5 months for CR, PR and PD patients, respectively). The median survival for the 14 patients treated has not been reached after a median follow up of 40 months after treatment and 78 months after diagnosis (range, 13-155 months). The only patient who had progressive disease had a median survival of 13 months. Four patients died of disease progression.
Adverse events
All treated patients were able to complete the three courses of treatment without requiring delays or dosage reductions. The most common adverse event was fluid retention, which occurred in most cases, particularly in the lower extremities (six patientsF43%) ( Table 2 ). Five patients (36%) had marrow suppression with neutropenia and thrombocytopenia (four cases of Grade III-IV). These patients experienced improvements in their blood counts within 14 days after the initiation of therapy and could tolerate continued therapy without dose reduction or delays. Interestingly, worsening anemia was not observed. We observed gastro-esophageal reflux disease/dyspepsia, fatigue, hyperglycemia, or cough in three patients (21%). Other less common adverse events are listed in Table 2 . Only one patient had infection-related complications (grade III pneumonia) following therapy. There were no cases of secondary leukemia or myelodysplastic syndrome.
Discussion
Despite recent advances in the treatment of CLL this disease remains incurable and younger patients almost invariably die of their disease. 20 Patients who fail initial treatment and in particular fludarabine, have a poor prognosis with an estimated overall survival of 2 years or less. 21, 22 There is therefore a need for improved treatment strategies.
Historically CR and OR rates achieved with fludarabine as a salvage treatment were 5-10 and 40-60%, respectively. The median time-to-progression was 12-13 months, and median survival was 20-25 months. 23, 24 The combination of FC produced CR and OR rates of 10-15 and 60-70%, respectively, with a median response duration of 20-25 months in previously treated patients. 22, 25 More recently, the combination of FCR has been reported to induce OR rates of 73% and CR rates of 25% in this patient population. 1 However, because of the presence of adverse events, approximately 50% of refractory patients treated with fludarabine combination regimens need to have dose reductions, skip courses of treatment, or have delays in administration of therapy because of myelosuppression. 1, 2, 26 Alemtuzumab is effective in relapsed or refractory CLL and in patients with high-risk disease, but induces mostly partial responses (30%). Unfortunately, life-threatening complications and lack of activity in patients with bulky disease limit the use of this monoclonal antibody. 6 The demographic characteristics of the patients treated with HDMP-Rituximab in this clinical study are similar to those of patients treated with salvage fludarabine-containing regimens. 1, 2, 22 Moreover, most of our patients had high-risk disease by the modified Rai classification and all were refractory to fludarabine. It is interesting to note that 78% (11/14) of patients had leukemia cells that expressed high-levels of ZAP-70, 57% (8/14) had CLL cells that express unmutated Ig variable region of GT, gene therapy (CD154); NA, not available; NPR, nodular partial remission; PD, progressive disease; PR, partial remission; P, prednisolone; R, rituximab. a All patients presented criteria that indicated refractoriness to fludarabine-based therapy. 12 the heavy chain (IgVH), 64% (9/14) had leukemia cells that expressed high-levels of CD38, and 14% (3/14) patients had cytogenetic abnormalities associated with poor prognosis (for example, deletions in 11q and 17p).
The CR (36%) and OR (93%) rates reported here with HDMPRituximab are higher than those reported for each agent alone in patients with relapsed/refractory disease, [7] [8] [9] 27 and higher than those reported for FC, FCR or Fludarabine, Cyclophosphamide and Mitoxantrone. 1, 2, 22 In addition, the response rates observed for HDMP-Rituximab are higher than those noted for alemtuzumab in patients with fludarabine refractory disease, for which OR rates are approximately 30% and CRs are uncommon (for example, p2%).
4,5
The median time from completion of therapy-to-progression for responding patients was 15 months. Two patients remain in CR more than 40 months after therapy (patients CLL-2 and CLL-4, Table 1 ). The median survival has not been achieved and 64% of the patients remain alive after a median follow up of 40 months. These results are highly encouraging as the highest overall survival reported for this group of patients has been 42 months following treatment with FCR. 1 Interestingly, the three patients with poor prognostic cytogenetic/FISH abnormalities (patients CLL-1, CLL-7 with 11q deletion and 17p deletion in patient CLL-13. Table 1 ) responded to treatment.
The small sample size of this study makes it difficult to identify factors associated with a favorable response to therapy with HDMP-Rituximab. Nonetheless, the majority of patients in this study had high-risk factors, including criteria for fludarabine refractoriness, high expression of ZAP-70, high-expression of CD38, and/or cytogenetic-FISH abnormalities associated with adverse prognosis. The findings reported here, suggest that HDMP-Rituximab may be an effective regimen for this high-risk group of patients including those with lack of functional p53, as has been reported previously for HDMP alone. 27 Myelosuppression, and in particular neutropenia, is one of the most frequent toxicities found in 60-90% of patients treated with salvage regimens for patients with relapsed and refractory CLL. 1, 2, 22 Contrary to this, the HDMP-Rituximab regimen had a much lower incidence of grade 3 or 4 neutropenia (14%) or thrombocytopenia (14%). In addition, patients treated with this regimen did not experience myelosuppression that required dose adjustments, hospitalizations, or treatment delays.
All our patients received prophylactic antibiotics, which could decrease the incidence of life-threatening infectious adverse events in CLL patients undergoing treatment. 28 The rate of infections in patients treated with HDMP-Rituximab was very low (1 out of 14 patients with one episode of pneumonia), compared with patients treated with fludarabine-based combinations or those with alemtuzumab, in which the incidence of infections remain X25%. 1, 2, 4, 5, 20 Overall, our data suggest that the HDMP-Rituximab combination is an effective non-myelotoxic regimen for the treatment of patients with fludarabine-refractory disease. This regimen induces response rates that are comparable or even higher to those observed with fludarabine-based combination treatments. More importantly, HDMP-Rituximab showed a favorable safety profile, potentially allowing treatment of patients who are refractory to fludarabine and have marrow suppression, advanced age or additional high-risk features. 
